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Overexpression of FKS1 to improve yeast autolysis-stress

JiaLi*? JinjingWang *?, and Qi Li*?

1 The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu, China
2 The Laboratory of Brewing Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: With the development of high gravity brewing, yeast cells are exposed to multiple brewing-associated stresses,

such as increased osmotic pressure, enhanced alcohol concentration and nutritional imbalance. These will speed up yeast

autolysis, which seriously influence beer flavor and quality. To increase yeast anti-autolytic ability, FKSL overexpression

strain was constructed by 18S rDNA. The concentration of B-1,3-glucan of overexpression strain was 62% higher than that

of wild type strain. Meantime, FKS1 overexpression strain increased anti-stress ability at 8% ethanol, 0.4 mol/L NaCl and

starvation stress. Under simulated autolysis, FKSL showed good anti-autolytic ability by slower autolysis. These results

confirms the potential of FKS1 overexpression to tackle yeast autolysis in high-gravity brewing.

Keywords. Saccharomyces cerevisiae, cell wall, B-1,3-glucan, anti-stress, the simulation of autolysis
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Bl rrik B i Fe ik FKSL LR H 1 .

g5 L RTIR , AWFSEE L 18S tDNA [
VR A ARG, AR T O R IR I A FKSL
FERMEA W . S5REH, MEFAEML, &
2 B ) 40 PR RE R SRR S £, AT AR BT
FIRRE I TR KRS o SRS IR B AL
B, g NG RO b T R R T T R TR
e VE o

1 AB5%#%
11 ##
111 TR OR

AT T A R AR R BORLAN 2R 1 iR .
1.1.2  Rgged Bl

LB #5523 (g/L): B M 10, BEREEREY)
5, AAEN 10, TEMEHTIMAZ T EERE

1 BEERFARKL
Tablel Strainsand plasmids

100 pg/mL, [EAEEFRELAIN 20 g Bilg, AFR
ARG

YPD 557 (g/L): JREE IR 20, BRI
Y10, Hi%WE 20, ARSI 20 g 3EAE
FFEERERR IR . TS FRTTR N G418 &=
200 pg/mL [EACT B Ho i 52 5 i 75 U i oK &
FEZE 8%H ¥, NaCl & 0.4 mol/L ¥,

rTag DNA R4 . 2 Tag DNA R4,
Prime STAR Max [ 5t [ % {/k pMD19T-simple
T4 DNA 4 . Bz A A0 VEan & . BRI
PEN YIS BamH I . Spel . Sacll . Not I . Kpn I
1 Sph T #J04 H TaKaRa 2\ Al 5 BERERE R 2 $EH
A& HRARAE AR A RA ] BRI A
R & AR B R & W B OMEGA
Bio-Tek 23 o Ho A7 35 2 1] 245 42 1 £k 2 37
A B E

Strains and plasmids Characteristics Sources
Escherichia coli IM109 Lab collection
W303 (Saccharomyces cereviviae) Wild type strain Lab collection
pUG6 Cloning vector, KanMX Lab collection
pMDI19-T Vector Cloning vector, Amp" TaKaRa
pTP Cloning vector, Amp’, PGK1 This work
pTPF Cloning vector, Amp', PGK1, FKSL This work
pTK1 Cloning vector, Amp', KanMX This work
pTK2 Cloning vector, Amp’, KanMX, 18S rDNA-down This work
pTK Cloning vector, Amp’, KanMX, 18S rDNA-down, 18S rDNA-up This work
pTPFK glcg):;iigFVKeSc]t-or, Amp', KanMX, 18S rDNA-down, 18S rDNA-up, This work
W303-KT Mutant strain This work

http://journals.im.ac.cn/cjben
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12 Ak
1.2.1 R A T R B BORL Y+

DL W303 FEEREELRIAL B, PG PGK1
BT, 15%) Spel -PGK1-Sacll-BamH |
FBE O BASEI PGKL B T siiE sy it
pTP kL. FFLL W303 BEEEILIR 21 Ry bt , 4
FKSLE: K 741, 155 Sac Il -FKS1-BamH [ A B ;
Gt Sacll 5 BamH I AUEGY] pTP Gk )z
FKSL i B, #EH#E pTPF itk .

A pUG6 JFUR AR, 473 KanMX 3 A
B, £33 Not I -BamH [ -KanMX-Kpn I -Sph T A
Bt BAEEIMIZABYS T SiikEREME pTKI
Jki o FLL W303 BEREEEDR 2 AR, &1 18S
rDNA T3, Bl Kpn I -18S rDNA-down-Sph I H

F2 TEMESIVMRTEEY
Table2 Primersand conditions of PCR

B @i Kpn 15 Sph 1 X% £ pTK1 ks
KRR B, # pTK2 kL. f5c)im A W303 %
BEJLRZH b, $71 18S rDNA R, H]
Not I -18S rDNA-up-Spe I -BamH [ A & ; it
Not I 5 BamH T X{A§Y] pTK2 ki 5 i R B,
¥ pTK B4 kL,

pTPF J% pTK B4 FikiiE L Spe I 5 BamH 1
XU 44, M pTPFK ki, Fdsd Not 1
5 Soh T WEG Y1415 B 0 [R) J5 8 5 2otk B
up-PGK1-FKS1-KanMX-down . ¥ FIr 35 - Bofi e fits
BREREL ALk, BEAL)E Sl A ] YPD FAR
b, 24 h E 2 ER OIS 200 pg/mL G418 (- I,
28 CHigE 2-4 d, KFALT . R By K1k
FHUEITG 5 |9 S S5 2 P

Primer

Primer sequence (5'-3") Condition

name

PGK1-F GGACTAGTTATTTTAGATTCCTGACTTCAACTC 95 C 3 min; 95 C 30 s;
PGK1-R CGGGATCCTCCCCGCGGTGTTTTTATATTTGTTGTAAAAAGTAGA 55 C 30s;72 C 1 min

FKSI-F TCCCCGCGGATGAACACTGATCAACAACCTTAT 95 C 3 min; 98 C 10 s;
FKSI-F CGGGATCCTTATTTTATAGTTGACCAGGTCTTT 55 C 30s;72 C 5min30s
Kana-F  ATAAGAATGCGGCCGCCGGGATCCTAGGTCTAGAGATCTGTTTAGCTTG 95 ‘C 3 min; 95 C 30 s;
Kana-R  ACATGCATGCGGGGTACCATTAAGGGTTCTCGAGAGCTC 55 C 30s;72 C 1min30s
up-F ATAAGAATGCGGCCGCTAATGATCCTTCCGCAGGTTC 95 C 3 min; 95 C 30 s;
up-R CGGGATCCGGACTAGTTCTTAGTTGGTGGAGTGATTTGTCT 55 C 30s;72 C 1 min

down-F  GGGGTACCCTTGGATGTGGTAGCCGTTTCTC 95 C 3 min; 95 C 30 s;
down-R  ACATGCATGCTATCTGGTTGATCCTGCCAGTAGTC 55 C 30s;72 C 1 min

F1K-1-F TGAGATGGAGTTGCCCCC 95 C 3 min; 95 C 30 s;
F1K-1-R GTCTTGTTCCTGACTTTGCCC 55 C 30s;72 C 1min 10s
F1K-2-F CAAAACAGCATTCCAGGTATTAGA 95 C 3 min; 95 C 30 s;
F1K-2-R AAAAAATCAATGTCTTCGGACTCT 55 C 30s;72 C 1 min

cjb@im.ac.cn
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1.2.2 HEKHERESHT

V4 PRV e 1 B AR X HE TR MR W303 . EE AL TR
W303-KT R FFEATIEL, #EARA 10 mL
YPD K572 39 50 mL =)+, 180 r/min .28 C
JRGEFE 18 h, SRIGLL 10%A MRS
30 mL YPD k532315 100 mL =i, M4
PR E %, SehEhE 2 h BURE, 30 h 52 i fE 4 B
FERIBGIT ], W 7E ODgoo fHIHVEREREAE K M2k -
1.2.3 MBS

V6 TR TP B B AR 0 IR DA R W303 . EEAL IS
W303-KT R @A #7161, #A%A 10 mL
FIPE AR T, 180 r/min, 28 CTHRZHE
F 18 h; #RJ5 1500 r/min 250> 10 min WCAE B 14
AT BRI . BEA
124 HEEEESW

FEAALER . B SCECH 1.0 mol/L AL AN
% 100 mL, BCELO SR EERETR 5 g In A,
16 90 CAMF R 3 h, J5 3 000 r/min &0
15 min, VTHEPIKPE 2 I, IOk 2Bk e =1,

APEIEEE AN : 0.1 mL AESS + 1.9 mL 2§
WK + 4.0 mL WISRLE, 20 CHEHFARIR 10 min
J5F 550 nm FIMOGIE. DL 2.0 mL Z&IBK +
4.0 mL WISRZI/EZ M.

B-HI M (mg/L) =AxKx1/vx20
L, AHIRFENOGIE ; K oWbRAERZ B
L EEXT Y B R ng 2 v R RO B
FERFRZ T 20 R FERS BRAE 5L
1.25 FFEEmZMHSHr

TRHAAE h — @3 A 5 mL YPD ¥
AR5 % 5 o (LR 355 73 W0 42 A A R AR FRL ) TS TR /K
H), 28 CHEFE 24 he FHICTR K JRY T8 VR0 B 1fF
L OD=1.0, 10 5 BHLEE , RUKHL 2.5 uL i
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TES A 8%, 0.4 mol/L NaCl fHitEAk |,
DA Uk RS % i i B R 5 5 s R FE YPD
M b, B53%2-3d, MBI A KA
1.2.6 M ABEHT

22 A i R AR B, 2 g
B EEE N E] 200 mL (AP R ER 22 M (pH 4.0)
BRI A ) H, F28 C. 150 t/min JUE, &
SRR 5

P B 20 BB T F8 AN R 22 Aogo T Aogo I
E M AT 7 5 BV 4R IR 205 1
2 HR5##
21 HAUTFHHESIFL
211 E4AFRKMHE

Z:H01.2.1 BORL AR 5 5 R H4 2 pTPF
o pTK EAHFR (K 1 & 2); @ik Not I 5
Sph T WEGFYVI & #2 RSBk, f% pTPFK
ki, @3t Not I 5 Sph1 . Not I 5 BamH I #X
Bt 1) 3 I R 35 UE 5 Ak - (181 3 R 4).
2.1.2 FALF IR E KX AE

FABS BRI A5 0 B i R Bl fb A B A
XF BETA W303, {51 5 2H R B i 1 [R) 5V 5 H Y
FEIH 18S rDNA KA [FREZ, EPA up-PGK1-
FKS1-KanMX-down %t up-18S rDNA-down
SR 8 o AR D R B e e AT SR 1k
TSR, AR FENE RSP T PCR %
iE, SIS RmE 5 s A Bitslvhr
1 18S rDNA-up 1 PGK1 [A] (& FH MR F 41, FH
PEZEIR R 1 270 bp; B iF5 919 4 kanMX Al
18S rDNA-down [AI#%H M2 H B, PHMEZS RN
975 bp. I NIk BHER AL T, Hdr s h
W303-KT,
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/_ Sac 11

Amp BamH |

B 1 pTPFREMETEE
Fig. 1 The construction of pTPF plasmid.

22 EHWHIEARLMERED T
221 EHW FKSL EFEMRIKEMRER
7E M

ASL I i HSEET ¢ 6 88 PCR (qRT-PCR)
et TR AR FKSL 221 mRNA Fik/K
- g LU A TR R FKSL R [ Rk R 2
JRE R 10 5 (B 6); IR, 36Uk AL 3k
ferae e, R S A AE TG G418 EHE £ T
ZAET, SR YPD #5535 10 I9FH
5510 FRERIRIZ . 455 anE 7 Fros . AW AT
PITES A 200 png/mL G418 1) YPD Al FA: K,
T AN RE 2 W 5% Ak TR i st A% AU Pk AT
DA F &5 RIS T 18S rDNA 1) FKSL i ik
DUEe HAR e e

18S rDNA-up
—_—

18S rDNA-down

2 pTK REMEREE
Fig. 2 The construction of pTK plasmid.

Up

BamH 1 Not I BamH 1

B 3 pTPFK RA#HEREE
Fig. 3 The construction of pTPFK plasmid.
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B 4 pTPFK JR# KB B IXE

Fig. 4 The results of pTPFK plasmid and digestion.

M: marker 10 000; 1: Not I/Sph T; 2: Not T /BamH 1.

B 5 W303-KT ¥t FEREBEIELER

Fig. 5 Verification of the W303-KT transformant.
(A) Primer: FI1K-1-F/F1K-1-R. M: maker 2 000; 1:
W303-KT; 2: W303; 3: blank. (B) Primer: F1K-2-
F/F1K-2-R; M: marker 2 000; 1: W303-KT; 2: W303; 3:
blank.

222 HMIEEFAEKERE

R A3 AT T 2 B S T R R R A, AR
X e AT T T AR A, E R R
B (B 8): WIMNE LFE, A 5w
R0 o SR, Az i 2 I e 25 SR ) S5t s
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PR AR KRR IR LTI (181 9). FIaED,
FKSL 2 X 8 ek bk 1 4 i BE o SR 5
B, ATIERE T A AR

Ja—
N

T

7

—_
<

o«

Relative quantification (fold)

7

W303  W303-KT |

El6 BFEES5EHEM qRT-PCR 417
Fig. 6 qRT-PCR analysis of W303 and W303-KT.

W303  W303-KT W303

W303-KT

B 7 EHEEEREMETRIEIE

Fig. 7 Assay of genetic stability in resistant plate.
(A) YPD medium. (B) YPD medium with G418
(200 pg/mL).

23 EHEEBAMEREST

R A T H ERE T RS SR, AL
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8 FRHESHUEMAMER (SEM) 21

Fig. 8 SEM analysis of W303 and W303-KT. (A) W303. (B) W303-KT (scale bars:10.0 pm).

[—a—W303
| _e—W303-KT g—¢—¢—8—8¢—3%
5_
—
4_
33
2_
1_
10 20 30 40 50 60

t (h)

B9 ATREKRMEKML

Fig. 9 Growth curres of different strains.

231 HEEEESW

OB SRR 25 R WOR BTN (3.50 +
0.02) mg/g, TAIE N (5.68 +0.03) mg/g, 5
FIK 62%, FKSL L HIRE B-1,3-H R W&
BT R CEERE R, BT FKSL 3w sl 4
ik, ETHAN MR N RS B 2, W, H

2 TR 20 R i SR R AR Ak R S TR A
RE AT EE AL T BEIE L AR
232 HEHLEE

AR BB, A R R T
LA B P AT A%, DR SR R T
RGO . B, WLES T RE A MU AE AR AU
HIE W e T RSO, S5 R aER 3 R
A EMRIIET U] B8 TG E R [FE,
AL IR A B B IS AR E 260 nm
F1 280 nm Ak Ry WOE EEAE ST E , IR ITHE
Aogo/Pogo, ZERNFR 4 Fiun . BHIETTHIRET, Wbk
BRI A B 1 28 T LA A K, Aoso/Aaso IIAELA
ANy BER HIERRERBEOR, BT IR ZE
W5 7 LA SR K, Anso/ Aoso O E L 128 T 3
K, 1 2.0 FEERL

FET ARSI S BT, AR Asso/Acso
SRERERRET AT GS 5o, R IR 1
H BB E AL, (Asso/Asgo)/ FET- R E I B
H— 22k s, HRE AR
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*3 BEERREPRECTERNTH
Table3 The change of mortality rate of different strainsin citrate buffer
Time (h) 0 12 24 36 48 60 84 108
W303 (%) 0.00 1.23+0.01 1.90+0.02  2.81+0.01  3.58+0.03  5.86+0.01  7.08+0.08  10.61+0.07
W303-KT (%) 0.00 1.07+0.01 1.86+0.03  2.07+£0.02  2.37+0.02  2.79+£0.03  4.73+0.04 5.19+£0.03

The results are presented as the average for three times.

T4 EBEBEBBRD Ax/Ax LLEBTL

Table4 The change of Aye/Aggg Of different strainsin citrate buffer

Time (h) 12 24 36 48 60 84 108
w303 1.05+0.01 1.07+0.03 1.10£0.04 1.21+0.03 1.51+0.06 1.65+0.03 1.88+0.07
W303-KT 1.22+0.02 1.25+0.05 1.26+0.03 1.32+0.04 1.47+0.03 1.57+0.02 1.60+0.06

The results are presented as the average for three times.

(BB /N, %07 3 AT 3 T OO ) B AR 1 B
PERE, T332 KRB AE A PO, e
WA F, W303-KT WPkmHT B e 71 3 S AL
TR R EdhER ).
2.33 a1

F RS S PR 2 8 455 44 it B 50 3% P i A% Hh 1
BN Z —, IR A ek vT $ i A

0.4 mol/L NaCl+YPD .

W303
W303-KT

10 FEMEBFHETERERNKR

8% Ethanol+YPD

WEE M Re S, EDHCHUAN ARG RE T, e
PREL A RE T am n FERUE . S5 R, 1
IS 8% LI, 0.4 mol/L NaCl LKLk
BEFER T, W303-KT BRI AE KAR B 1
FIEE (B 10). 245 5 UEBH 8 241 A vk AT B0
AP R BB A RE T, AU TR UE B T B Rk
H 7 RE T 1G5

Starvation 24 h+YPD

Fig. 10 Growth for different strains in different stress conditions.

3 &%

PR R M TP TR A R L, Ot P R T LA
PR i dh B R RURARE R4 . oA IR Y
MRS o T T B YA R R I T XA s S5 A
PER, AR S B Hh X LS o A K
ST P 5, M A T RER I
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EIAK . T SRR A AL, oK
A B R B ok AR A | i D T RE O Y
[)

A5 DA A R 1) T2 Sk 43 SR A R
K, 1a oA 5 T Bl 3Rk 0 R G L
IR FKSL, #1445 541 Mtk W303-KT. B 58K 1,
o 2H AR 2 P RE b SRR R B, A
R 3G 5 1 P B TR MR T R BE 0 i R RE T,
HAE R, WA AR SERIE, o RIA
MREGPT VR T W AR TR IR AR, % R BXT
F b — 2D WS B VA LB DL % 4 i R 5 4
PERAR (CWI) By R 45 452 X A 425 7~ 2 g
FE TSR, A BT AR A b B R B O
DA AR, A e 2 Tl A 7 AU b s S A
FoE PRy (R U A T LR
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